Evidence of a solar fluctuation with a period of 17 d is observed in spectroscopic differential rotation data by using a technique developed to look at long time sequences of unevenly spaced data. Both spectroscopic observations and sunspot drift velocity measurements indicate a possible periodicity between 184 and 364 d . The sunspot data marginally show fluctuations with periods which are multiples of 4 d 2.
I. INTRODUCTION
Considerable effort has been directed toward measuring the Sun's acoustic spectrum at periods below 4 hours (see, for instance, the review by Hill 1978) . Relatively few synoptic studies have been aimed at measuring systematic velocity field and brightness fluctuations with periods larger than a day. Yet there is evidence that interesting structure may exist in power spectra of solar fluctuations in this regime. For instance, Dicke (1977) has observed a 12 d 6 (12 d 2 sidereal period inferred) period in his oblateness data, while Bumba et al. (1969) have noted a peak in the autocorrelation of synoptic magnetogram data, roughly corresponding to a power spectrum peak of 2 d 6. In addition, it is likely that evidence for or against giant cell convection (see Bumba and Howard 1965 ) may be derived from power spectra. A potentially very interesting aspect of this frequency region is the possibility of finding isolated power spectrum peaks. Since the density of g-modes at periods above about 2 hours is large (Iben and Mahaffy 1976) , it is difficult to explain the existence of narrow-band oscillations as convectively excited acoustic resonances. The observation of long-period oscillations may provide evidence of new driving mechanisms necessary for a better understanding of the large-scale properties of the Sun.
We have developed a technique to Fourier analyze long time sequences of unevenly spaced data. Using an iterative scheme, we have examined sunspot velocity data (compiled by Ward 1966) and spectroscopic differential rotation data (Howard and Harvey 1970; Howard 1978 Howard and Harvey 1970; Howard 1978) . In this Letter we analyze Howard's a coefficient, which approximates an average over the equatorial velocity field.
In addition to the Howard data, F. Ward of the Air Force Geophysics Laboratory has provided us with a compilation of Greenwich sunspot data, including position, size, and physical characteristics of spots from 1915 to 1964. For spots observed more than once, drift velocity components in the north-south and eastwest directions are determined and recorded as a function of time and latitude. The spot velocities are grouped into 10 latitude zones: N90-30, 30-20, 20-10, 10-5, 5-0, and similarly in the southern hemisphere.
Each data set was broken into a number of time segments to look for spatial time dependence and to examine its repeatability. Howard's data consisted of roughly 1000 observations which were split into three 1.3 year segments. The sunspot data were divided naturally by the solar sunspot activity cycle into five segments.
The Fourier analysis technique will be discussed in more detail elsewhere (Kuhn and Worden 1979) , but the concept is as follows. Over an unevenly spaced time domain and an even sequence in frequency, complex exponentials are not independent of each L119 L120
other. Yet to find a power spectrum we must fit a grid of such terms to the data. Epoch analysis or individual sine and cosine least-squares fitting works poorly because the fitting functions are not orthogonal, while a brute force, many-parameter, simultaneous, leastsquares fit is normally out of the question because of computer round-off errors and core size limitations. Using an iterative approach, analogous to techniques of quantum-mechanical perturbation theory, we can usually easily compute a solution. In addition, since the routine calculates small-order correction terms, it is less sensitive to numerical round-off problems.
III. ANALYSIS Each of the data sets was analyzed over the angular frequency range of 0 to 800 yr -1 , where the upper frequency has been chosen because it approaches the "average" Nyquist frequency for the data sequence. Depending on the data set, between 64 and 256 frequency points were fitted in this interval. In using the analysis routine, if the sixth iteration produced corrections to the "Fourier" coefficients larger in modulus than 5% of the total coefficient modulus, then the number of frequency points was reduced and the procedure repeated. In no case were fewer than 64 points required. Empirically we find that convergence to within a 5% change after six iterations is strongly dependent upon the ratio of frequency points to be fitted to the number of time domain data points. If this fraction is less than one-fifth, the above criterion was usually met.
As each transform was calculated it was stored on magnetic tape for later cross-correlation analysis against other latitude regions and time sequences. Each frequency coefficient was reduced to a phase and amplitude, and for most of the analysis each power spectrum was normalized to unity total power. Using the above as input, an analysis program could evaluate statistics for nearly any cross section of the spectra and phase data calculated.
IV. DISCUSSION To determine whether there were any systematic effects in our results, linear cross-correlations of the sunspot power spectra by latitude regions and time range were computed. Each set of correlations showed a similar distribution of cross-correlation coefficients with an average near 0.15. A similar analysis performed on the frequency phase data showed essentially no correlation. Similarly, at each frequency, the phase difference between a fixed latitude region and all other regions as a function of time was uncorrelated.
The Howard data were analyzed by time segments as a whole. Each of the power spectra shows a narrow peak at a frequency of 137.5 yr -1 (period of 17 d ). If a third-order polynomial is fitted to the entire spectrum as an estimate of the mean noise level, including both white and low-frequency noise, this peak occurs in three out of four of the power spectra with a confidence level above 95% in each case. Similarly, a peak at a frequency of 12.5 yr" 1 (period of 183 d ) occurs in three Vol. 228 out of four of the spectra. Figure 1 shows the average of four normalized power spectra with 1 standard deviation error bar. Note that the peak widths at 12.5 and 137 yr -1 are limited only by the frequency resolution. To determine these frequencies more precisely, we increased the number of frequencies to fit 256 frequency points, and we find peaks with angular frequencies of 9.4 ±3.1 yr -1 , and 137 ±3.1 yr" 1 . The sunspot data are considerably noisier than the Figure 2 is the east-west sunspot velocity power spectrum for the equatorial region. In approximately a third of the 10 latitude zone power spectra, shown in Figure 3 , a low-frequency peak appears at the half-year period peak of Figure 1 to within our frequency resolution. We also find a sharp peak above the 95% confidence level at a frequency of 268 yr _1 (period of 8 d 5) in the equatorial regions. A second harmonic at a lower confidence level also appears. Note that this period is, to within our frequency resolution, exactly one-half of the spectroscopic period at I7
d . There seems to be no systematic distribution of power in the spectra unless they are normalized and analyzed by latitude region. Figures 3 and 4 are contour plots generated by: (1) smoothing each of the 10 regional power spectra by averaging every consecutive frequency point with its neighbor; (2) forming a matrix, by taking the 10 power spectra side by side; 797.
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638. and (3) plotting contours for what corresponds on the average to a 95% confidence deviation from a mean determined from the third-order polynomial fit (Fig. 3 is the east-west velocity spectrum and Fig. 4 the northsouth). The northernmost latitude zone is the left edge of the plot and the southernmost spectra lie along the right of each diagram.
In Figure 3 we immediately notice in the equatorial zone the appearance of the peak displayed in Figure 2 at co = 268 yr -1 , and what is suggestive of a harmonic at twice this frequency. In the other latitude zones there also appears to be power at similar frequencies and the hint of harmonic structure. For example, there is a peak in Figure 3 at 140 yr -1 (16 d 4) in the high S latitude zones. We are in the process of a more quantitative analysis, but note: (1) there is a slight tendency for power to peak at lower frequencies in the higher latitude zones; and (2) the power spectra seem to show some symmetry around the equator. We also note that the spectral peaks are narrow with width of under ±3.1 yr -1 .
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KUHN AND WORDEN V. SUMMARY AND CONCLUSIONS The Howard data convincingly point to the existence of a narrow-band equatorial velocity oscillation of 16 d 7 + 0 d 4. We note that many of the frequencies in the sunspot data have periods of multiples of 4 d 2, as does the spectroscopic period. The lower-frequency peak in Figure 1 is not systematically visible in the sunspot analysis and is subject to doubt. Its period of approximately half a year makes it suspect as a seasonal effect in the observations. We believe Figures 3 and 4 have some physical significance for the following reasons: (1) the contour plots approximate a 1.96 sigma deviation from a least-squares noise estimate; (2) the spectra show harmonic structure; and (3) the contours suggest an overall symmetry about the equatorial region.
It is possible that the latitude dependence in the power spectra is evidence that giant cell convection zones exist and tend to maintain the same size independent of latitude. This seems unlikely because of the sharpness of the spectral peaks and the severe constraints placed on giant cell dimensions near the poles. An alternative hypothesis is that we are seeing a velocity disturbance associated with a nonspherical, rapidly rotating interior, similar to that suggested by Dicke (1977, 12 d 62 synodic period). In fact, 12 d 6 is also an even multiple of 4 d 2. We observed strong evidence of a 17 d periodicity in Howard's spectroscopic observations of differential rotation coefficient a. We believe this to be fundamentally a solar phenomenon. We also find a fluctuation of period between 184 and 364 d , which may be a spurious seasonal effect. In addition, there is evidence of sunspot drift velocity periodicities, which are multiples of 4 d 2, and marginal indication that this is a latitude-dependent fluctuation.
